
 

 

 

 

 

 

 

Radiography 

 

Self-study CPD activity 2022 

 

Activity reference number: 

A11(22) 2025 
 

 

 

 

Topic 
Fracture patterns 

Article(s) 
Acute Fractures and Dislocations of the Ankle and Foot in Children 

Speciality 
General 

 

 

 

 

PART ONE is approved for THREE (3) Clinical Continuing Education Units (CEU’s) 

PART TWO is approved for THREE (3) Clinical Continuing Education Units (CEU’s) 



M
U

SC
U

LO
SK

EL
ET

A
L 

IM
A

G
IN

G 754

Acute Fractures and Dislocations of 
the Ankle and Foot in Children

Distinct biologic and mechanical attributes of the pediatric skel-
eton translate into fracture patterns, complications, and treatment 
dilemmas that differ from those of adults. In children, increasing 
participation in competitive sports activities has led to an increased 
incidence of acute injuries that affect the foot and ankle. These in-
juries represent approximately 13% of all pediatric osseous injuries. 
Important posttraumatic complications include premature physeal 
arrest, three-dimensional deformities and consequent articular 
incongruity, compartment syndrome, and infection. The authors 
describe normal developmental phenomena and injury mechanisms 
of the ankle and foot and associated imaging findings; mimics and 
complications of acute fractures; and dislocations that affect the pe-
diatric ankle and foot. Treatment strategies, whether conservative or 
surgical, are aimed at restoring articular congruency and functional 
alignment and, for pediatric patients specifically, protecting the 
physis. The different types of ankle and foot fractures are described, 
and the American College of Radiology guidelines used to deter-
mine appropriate imaging recommendations for patients who meet 
the Ottawa ankle and foot rules are discussed. The systems used to 
classify clinically important fractures, including the Salter-Harris, 
Dias-Tachdjian, Rapariz, and Hawkins systems, are described, with 
illustrations that reinforce key concepts. These classification systems 
aid in diagnosis and treatment planning, facilitate communication, 
and help standardize documentation and research. This informa-
tion is intended to supplement radiologists’ understanding of de-
velopmental phenomena, anatomic variants, fracture patterns, and 
associated complications that affect the pediatric foot and ankle. 
In addition, the role of imaging in ensuring appropriate treatment, 
follow-up, and patient and parent counseling is highlighted.

The online slide presentation from the RSNA Annual Meeting is avail-
able for this article.
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After completing this journal-based SA-CME 
activity, participants will be able to:

	�Characterize fracture patterns that af-
fect the skeletally immature ankle and 
foot, and the associated imaging findings 
that may prompt surgical intervention.

	�Describe the complications related to 
different fracture types to ensure appro-
priate follow-up and patient and parent 
counseling.

	�Recognize the developmental phe-
nomena and anatomic variants that may 
mimic acute ankle and foot fractures 
in children or hinder diagnosis of these 
injuries.

See rsna.org/learning-center-rg.

SA-CME LEARNING OBJECTIVES

Introduction
Pediatric ankle and foot fractures, second in incidence to hand 
and wrist injuries only, account for 13% of all pediatric osseous 
injuries. The ankle sustains approximately 15%–20% of all growth 
plate injuries (1) and is the second most common site, after the 
distal radius, of physeal injuries (2,3). Foot fractures account for 
5%–8% of all pediatric fractures and approximately 7% of growth 
plate fractures (4). Forefoot (toe, phalangeal, and metatarsal [MT]) 
fractures are the most frequent acute bone injuries of the foot. MT 
fractures alone account for approximately 61% of all foot fractures 
(5). Midfoot and hindfoot fractures generally involve greater force, 
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the forefoot remains stationary (10), acting 
together with the subtalar joint to facilitate foot 
inversion and eversion.

The Lisfranc joint is the articulation of the tar-
sus with the MT bases. The keystone wedging of 
the second MT bone into the medial cuneiform 
bone supports the entire tarsometatarsal articula-
tion. The Lisfranc ligament connects the plantar 
base of the second MT bone to the plantar sur-
face of the medial cuneiform bone (8). Trans-
verse ligaments connect the bases of the lateral 
four MT bones but not the bases of the first and 
second MT bones. The forefoot includes the MT 
and phalangeal bones and their articulations.

Developmental Considerations
Primary tibial and fibular ossification is present 
at birth (11). The distal tibial ossification center 
appears when an infant is around 6 months of 
age, whereas the distal fibular ossification center 
appears when a child is around 1–3 years of age. 
Distal tibial physeal closure occurs in a unique 
eccentric pattern (Fig 1) over a period of 18 
months, typically between 12 and 15 years of age 
in girls and between 14 and 18 years of age in 
boys. The central portion closes first. The closure 
then extends to the medial side, while the lateral 
side closes last. Most other physeal closures start 
centrally and expand peripherally. Before physeal 
closure, the tibial physis develops an anterome-
dial undulation (Kump bump), which closes first, 
with the anterolateral portion (Chaput tubercle) 
fusing last. The unfused portions of the physis are 
vulnerable to injury during this period (12).

MT ossification occurs in the 2nd to 4th fetal 
month, talar and calcaneal ossification begins in 
the 3rd fetal month, and the cuboid bone ossi-
fies in the 6th fetal month. The cuneiform bones 
begin to ossify in the 1st postnatal year. The na-
vicular bone ossifies between the ages of 2 and 4 
years and may have multiple ossification centers. 
Ossification of the hindfoot and midfoot bones 
proceeds eccentrically in a predictable pattern. 
Secondary ossification centers of the MT and 
phalangeal bones develop when a child is aged 
6–24 months, and the calcaneal apophysis devel-
ops when a child is aged 5-12 years (13).

The leg grows approximately 3–4 mm per year 
during childhood, with the distal tibial physis 
accounting for 40% of the growth of the tibia 
and for 17% of the overall growth of the lower 
extremities. In young children, growth at the 
distal tibia and fibula is proportionate to that at 
the knee; however, in adolescents, growth of the 
proximal tibia and fibula accelerates while ankle 
growth tapers (1). With increasing maturity, the 
distal fibular physis becomes increasingly undu-
lated, providing stability (1). In addition, lateral 

such as that from a fall from a height or from 
a higher-speed mechanism—for example, a bi-
cycle or motor vehicle accident. Since the ankle 
is a weight-bearing joint, tolerance for residual 
deformities from ankle and foot fractures is sig-
nificantly lower than that for deformities related 
to upper extremity fractures (6).

Overview of Ankle and Foot Anatomy
The ankle transfers force between the foot and 
the rest of the axial skeleton, enabling stability and 
foot movement (7). The ankle is a synovial hinge 
joint that comprises the tibia and fibula, which 
articulate around the central talus; this complex is 
referred to as the ankle mortise (8). The ankle is 
stabilized by its bone and ligamentous anatomy.

The hindfoot consists of the talus and calca-
neus, which articulate at the subtalar joint. The 
midfoot is a complex anatomic association of five 
tarsal bones (navicular bone, cuboid bone, and 
three cuneiform bones) and their correspond-
ing articulations. This tarsal bone complex is 
restrained by a network of ligaments, capsules, 
and fasciae. The midfoot locks the hindfoot to the 
forefoot, enabling flexibility and stiffness. Move-
ment at the talonavicular joint is closely linked to 
subtalar and calcaneocuboid motion (9). The na-
vicular bone articulates with the three cuneiform 
bones and occasionally the cuboid bone.

The talonavicular and calcaneocuboid ar-
ticulations form a functional unit referred to 
as the transverse tarsal joint, midtarsal joint, or 
Chopart joint. These articulations act in uni-
son and thus are often injured together. The 
Chopart joint allows the hindfoot to pivot while 

TEACHING POINTS
	� Before physeal closure, the tibial physis develops an antero-
medial undulation (Kump bump), which closes first, with the 
anterolateral portion (Chaput tubercle) fusing last. The un-
fused portions of the physis are vulnerable to injury during 
this period.

	� The appropriateness criteria outlined by the American College 
of Radiology support the use of three radiographic views of 
the ankle (AP, lateral, and mortise) for assessment of ankle in-
juries and the use of three radiographic views of the foot (AP, 
lateral, and oblique) when clinical findings meet the OAFR 
criteria.

	� Open physes, as compared with the more robust surrounding 
ligaments, are much more vulnerable to shear and rotational 
forces. Injury mechanisms that may result in ankle sprains in 
adults can manifest as physeal or avulsion fractures in children.

	� Periosteal entrapment should be considered when a physeal 
gap or widening of 3 mm or greater is present at a distal tibial 
physeal fracture site.

	� The apophysis at the fifth MT base appears in children be-
tween the ages of 9 and 12 years and is sagittal in orientation, 
in contrast to fractures, which typically are transverse.
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Figure 2. Normal developmental appearances of the ankle with age in three boys. (a) Mortise ra-
diograph of the ankle in a 2-year-old boy shows a wide medial clear space (black arrow), prominent 
tibiofibular interval (single-headed white arrow), and small relative fibular width (double-headed arrow).  
(b) Mortise radiograph of the ankle in an 11-year-old boy shows a slight decrease in the medial clear 
space (black arrow), a narrowed tibiofibular interval (single-headed white arrow) with no overlap yet 
seen, and a slightly widened distal fibula (double-headed arrow). (c) Mortise radiograph of the ankle in 
a 17-year-old boy shows a further decreased medial clear space (black arrow), developing tibiofibular 
overlap (single-headed white arrow), and a further increased fibular width (double-headed arrow). Os-
sification of the anterolateral distal tibial metaphysis leads to the creation of two separate lines in this 
radiographic projection; the more lateral line (not shown) corresponds to the anterior tibia, and the more 
medial line is the incisura fibularis (white line), which articulates posteriorly with the fibula.

Figure 1. Drawing illustrates the normal pattern of distal tibial fusion. The distal tibial physis 
closes in a unique eccentric pattern, from central to medial to lateral. The closure of most phy-
ses begins centrally and expands peripherally. The anteromedial portion of this physis (Kump 
bump) fuses first, and the anterolateral portion (Chaput tubercle) fuses last.

et al study (15), the incisura fibularis appeared at a 
mean age of approximately 8 years in girls and ap-
proximately 11 years in boys. Although the mean 
age at which the tibiofibular overlap appeared on 
the AP view was 5 years in both boys and girls, this 
overlap appeared on the mortise view in girls at a 
mean age of 10 years and in boys at a mean age of 
16 years (15).

The osseoligamentous complex of the dis-
tal tibiofibular syndesmosis stabilizes the ankle 
mortise. The radiographic parameters for 
syndesmotic disruption in children and adoles-
cents, unlike those for syndesmotic disruption in 
adults, have not been established (16,17). The 
adult criteria for loss of tibiofibular overlap in 
the mortise view and increased tibiofibular clear 
space to greater than or equal to 6 mm do not 

fibular translation increases and fibular external 
rotation decreases (14).

Developmental Anatomy of the Pediatric 
Ankle at Radiography
According to Bozic et al (15), the medial clear 
space on anteroposterior (AP) and mortise radio-
graphic views significantly decreases with age (Fig 
2) to less than 4 mm in adults. Ossification of the 
lateral distal tibial metaphysis leads to the creation 
of two separate lines on the AP and mortise views. 
The more lateral of these lines corresponds to 
the anterior tibia, and the more medial line is the 
incisura fibularis of the posterolateral tibia articu-
lating with the fibula. Both the tibiofibular overlap 
on AP and mortise views and the relative fibular 
width on AP views increase with age. In the Bozic 
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signify syndesmotic disruption in the skeletally 
immature patient (15). In young children with 
syndesmotic injuries, a cutoff value for widened 
medial clear space of greater than 5 mm (aver-
age, 6.4 mm) on the mortise view was found to 
be the strongest predictor of the need for surgical 
fixation (18).

Syndesmotic disruptions are ligamentous, 
but they may be accompanied by tibial or fibu-
lar fractures. Children who are at risk for these 
disruptions are those who participate in sports 
that involve cutting or pivoting movements (eg, 
soccer and football) or a rigidly immobilized 
ankle (eg, hockey and skiing) (16,19). Disruption 
of the tibiofibular joint seen on static radiographs 
signifies syndesmotic injury. Loss of syndesmotic 
integrity has important treatment ramifications: 
In one study (18), the frequency of surgical in-
tervention for pediatric syndesmotic injuries was 
increased 44-fold in patients who also sustained 
an ankle fracture, eightfold in those with a medial 
clear space more than 5-mm wide, and fivefold in 
those whose physes were fused.

Imaging of Pediatric  
Ankle and Foot Fractures

The Ottawa ankle and foot rules (OAFR) (Table 1) 
represent a clinical decision algorithm for medical 
imaging in patients suspected of having ankle and 
midfoot fractures (5). The appropriateness criteria 
outlined by the American College of Radiology 
support the use of three radiographic views of the 
ankle (AP, lateral, and mortise) for assessment of 
ankle injuries and three radiographic views of the 
foot (AP, lateral, and oblique) when clinical findings 
meet the OAFR criteria. Weight-bearing radiog-

raphy on at least the AP view is recommended if 
there is suspicion for midfoot and/or Lisfranc injury 
(5). It is rare (<1% of cases) for a persistent large 
ankle joint effusion to be related to a radiographi-
cally occult fracture (20). Cross-sectional imaging 
is reserved for cases of clinical concern for Lisfranc 
injury (5), cases of occult fracture if symptoms 
persist, and problem solving and preoperative 
planning (6). Proper application of the OAFR has 
high (97.5%) sensitivity and reduces the need to 
perform radiography by approximately 35% (21). 
Although the OAFR are usually used to guide med-
ical imaging in adults, these criteria have also been 
found to be effective in children older than 5 years 
(5). A structured report template used in diagnosis 
of pediatric ankle and foot fractures is available at 
https://radreport.org/home/50814.

Ankle Fractures
Ankle fractures in children can be broadly 
categorized as avulsion and physeal fractures. 
Physis patency is used to explain differences in 
the injuries sustained by immature versus adult 
skeletons. Open physes protect against ligamen-
tous and syndesmotic injuries (18). Open physes, 
as compared with the more robust surrounding 
ligaments, are much more vulnerable to shear 
and rotational forces. Injury mechanisms that 
may result in ankle sprains in adults can manifest 
as physeal or avulsion fractures in children. When 
avulsion fractures are appropriately reduced, they 
heal well without complication.

A group of distal tibial metaphyseal frac-
tures in very young children are pathognomonic 
for nonaccidental trauma. These fractures are 
referred to as metaphyseal corner fractures, or 
classic metaphyseal lesions (22) (Fig 3).

Salter-Harris Classification of Physeal Frac-
tures.—The most simple and commonly used 
anatomic classification system for pediatric physeal 
fractures (12,23,24) is the Salter-Harris system 
(Table 2, Fig 4) (25). With this classification, each 
injury type is assigned a prognostic significance. In 
a retrospective review (26) of 725 tibial fractures 
in children, 31.0% of the cases involved the distal 
tibial physis, and the majority (56.9%) of these 
were cases of Salter-Harris type II fracture, 21.7% 
were cases of Salter-Harris type III fracture, and 
20% were cases of Salter-Harris type IV fracture. 
A miniscule percentage (0.4%) of these cases were 
those of Salter-Harris type I fracture (26).

A Salter-Harris type I physeal fracture passes 
along the width of the physis and may be visible 
at radiography if the growth plate is widened or 
the epiphyseal and metaphyseal components are 
malaligned. A nondisplaced Salter-Harris type 
I fracture may manifest with soft-tissue swelling 

Table 1: OAFR Criteria

Perform foot radiography if there is pain in the 
midfoot plus one of the following:

 Bone tenderness of navicular bone 
 Bone tenderness at base of fifth MT bone 
 Inability to bear weight immediately after injury 

and while attempting four steps at the time of 
evaluation

Perform ankle radiography if there is pain in the 
malleolar zone plus one of the following:

 Bone tenderness at posterior edge or tip of distal 
fibula

 Bone tenderness at posterior edge or tip of distal 
tibia

 Inability to bear weight immediately after injury 
and while attempting four steps at the time of 
evaluation

Source.—Reference 5.
Note.—A person who is limping is considered as
being able to bear weight.
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Figure 4. Drawing illustrates the Salter-Harris classification of growth 
plate fractures at the distal tibia. The normal anatomy of the distal tibia (A), 
as well as type I (B), type II (C), type III (D), type IV (E), and type V (F) 
Salter-Harris fractures, are depicted.

Figure 3. Distal tibial metaphyseal fractures in a 
25-day-old male newborn who presented with multiple 
sites of skin bruising and lethargy. AP radiograph of 
both legs obtained as part of a skeletal survey for possi-
ble nonaccidental trauma shows bilateral bucket-handle 
fractures (arrows) at the distal tibiae. The fractures are 
at different stages of healing. A callus (arrowhead) sur-
rounds the left (L) distal tibia. This fracture configuration 
is characteristic of nonaccidental trauma.

centered over the growth plate and focal clini-
cal tenderness (12). Although the distal fibula is 
a common location of suspected Salter-Harris 
type I physeal fractures of the distal fibula 
(SH1DF), these fractures may be clinically and 
radiographically indistinguishable from sprain. 
In a prospective cohort study (27) involving 18 
children with SH1DF that was diagnosed pre-
sumptively by using clinical findings, no Salter-
Harris type I fractures were seen at MRI; rather, 
the majority of the injuries were ligamentous 
sprains or osseous contusions.

In a prospective study conducted by Boutis et al 
(28), in which the frequency of SH1DF in radio-
graphically negative ankle injuries was evaluated 
in 135 children by using MRI, 3% of the children 
had Salter-Harris type I injuries of the distal 
fibula, while 80% of the children had ligament 
injuries and 22% had bone contusions. It was 
concluded that since the majority of these injuries 
were actually high-grade ligament sprains at MRI, 
they could have been treated with removable splint 
placement, which is more time efficient and cost 
effective than cast placement (28). In such cases, 
point-of-care US may be helpful for excluding lig-
ament injury (29). Gill and Klassen (30) suggested 
that the findings in the Boutis et al studies (27,28) 
should “help reduce uncertainty among clinicians, 
and, by extension, reduce overtreatment.”

A Salter-Harris type II fracture involves at 
least part of the physis width and a contiguous 
portion of the metaphysis, which create a so-
called wedge-shaped Thurston-Holland fragment, 
which represents a triangular portion of the me-

taphysis attached to the epiphysis (25). Growth 
arrest is uncommon with types I and II Salter-
Harris fractures.

A Salter-Harris type III (Fig 5) fracture passes 
along at least part of the physeal width and 
extends through the contiguous portion of the 
epiphysis, often reaching the articular surface. A 
Salter-Harris type IV fracture extends from the 
metaphysis to the epiphysis. Type III and type IV 
Salter-Harris fractures can lead to growth arrest, 
deformity, and intra-articular degenerative joint 
disease (25).

Salter-Harris type V injuries are rare or at least 
tend not to be diagnosed acutely. However, in 
retrospect, growth arrest occurs in the absence 
of a prior visualized fracture or in the presence 
of what initially appeared to be either a Salter-
Harris type I fracture or no injury.

McFarland (31) described Salter-Harris types 
III and IV medial malleolar fractures as a distinct 

Table 2: Salter-Harris Classification of Physeal 
Fractures

Fracture 
Type Radiologic Manifestation

I Physeal widening
II Physeal widening and metaphyseal frac-

ture (creating TH fragment)
III Physeal widening and epiphyseal fracture
IV Fracture crosses physis and involves 

epiphysis and metaphysis
V Compression fracture of the physis

Note.—TH = Thurston-Holland.
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category of injuries associated with traumatic 
arrest of the distal tibia. More recently, such 
fractures have been described in association with 
trampoline activity, especially multioccupant 
trampoline use (32). During healing of physeal 
fractures, the orientation of the growth arrest 
lines, also known as Park-Harris lines, should be 
carefully scrutinized. These lines normally are 
horizontal; tenting or angulation into the fracture 
site is suspicious for bony bridge formation (33).

Dias-Tachdjian Classification of Ankle Frac-
tures.—In the Dias-Tachdjian classification 
system, radiologic classification models to describe 
ankle fractures in adults, including the Lauge-
Hansen model (34), are used in conjunction with 
Salter-Harris classifications to describe injury 
patterns relative to the physis (35). Using the 
Salter-Harris classification as a template, Dias and 
Tachdjian (35) classified ankle fractures in skel-
etally immature patients on the basis of the foot’s 
position at the time of trauma and the direction 
of the abnormal force. With the Dias-Tachdjian 
classification, four mechanisms of injury are 
described (Fig 6, Table 3), with a grade assigned 
to each mechanism (35). It was determined that 
the occurrence of these mechanisms always fol-
lows a uniform order. The practical application of 
this classification is intended to facilitate closed 
reduction by immobilizing the ankle in a direction 
opposite to the direction of the injury.

The supination-inversion mechanism (Fig 7) is 
the most common Dias-Tachdjian ankle fracture 

pattern (33). This mechanism manifests as a non-
displaced Salter-Harris type I or II fracture of the 
distal fibula that may progress to a Salter-Harris 
type III or IV injury of the medial malleolus. It 
involves less than one-third of the mediolateral 
distance across the epiphysis (33).

The supination–external rotation (Fig 8) 
mechanism first results in a physeal fracture of 
the distal tibia, with a large and medially to pos-
teromedially based Thurston-Holland fragment. 
There may be an accompanying fibular fracture 
that does not involve the physis (33).

The pronation–external rotation (Fig 9) fracture 
pattern manifests as a distal tibial growth plate 
fracture, frequently with a small laterally based 
fracture fragment. This manifestation is followed 
by a transverse, higher-grade fracture of the fibular 
diaphysis. These fractures are remarkably displaced 
and angulated, with lateral translation and api-
cal medial angulation occurring at the distal tibial 
epiphyseal fragment and apical medial angulation 
occurring at the fibular shaft fracture (33).

The supination–plantar flexion mechanism 
(Fig 10) is the least common of the Dias-Tachd-
jian ankle fracture patterns and involves a dis-
placed physeal fracture of the distal tibia without 
any associated fibular fracture. The variably sized 
tibial Thurston-Holland fragment has a predomi-
nantly posterior location. Displacement is typi-
cally subtle (33).

Transitional Fractures.—A subgroup of pediatric 
ankle fractures called transitional fractures occur 
during the 18-month developmental window 
(in girls aged 12–15 years and boys aged 14–18 
years) that marks the progressive closure of the 
distal tibial physis, which starts centrally and 
ends laterally (25). Triplane fractures occur dur-
ing the early phases of physeal closure, and juve-
nile Tillaux fractures occur when physeal fusion 
is almost complete; therefore, neither of these 
transitional tear types is complicated by signifi-
cant physeal arrest.

Triplane fractures represent a complex, tran-
sitional, multiplanar subset of Harris-Salter type 
IV fractures that occur in adolescents during 
the portion of the developmental window when 
asymmetric partial closure of the distal tibial 
physis has occurred (36). These fractures repre-
sent 5%–10% of pediatric intra-articular ankle 
injuries (37). The triplanar configuration consists 
of fracture lines along the coronal plane through 
the posterior metaphysis, along the sagittal plane 
through the epiphysis, and along the transverse 
plane through the physis, which ultimately disrupt 
the tibial plafond (36). The deforming mechanism 
is often supination–external rotation, although 
other mechanisms have been reported (38). These 

Figure 5. Salter-Harris type III fracture 
of the distal tibia in a 13-year-old boy. 
Mortise radiograph of the ankle shows a 
Salter-Harris type III fracture of the me-
dial malleolus (arrow) and open growth 
plates. These fractures involve a signifi-
cant risk of subsequent growth arrest.
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Figure 6. Drawing illustrates the Dias-Tachdjian classification 
of growth plate fractures at the ankle. The supination-inversion 
(SI), supination–external rotation (SER), pronation–external ro-
tation (PER), and supination–plantar flexion (SPF) mechanisms 
of injury are depicted.

Hindfoot Fractures

Calcaneal Fractures.—Five percent of all calcaneal 
fractures occur during childhood. These frac-
tures represent 0.05%–0.15% of all pediatric foot 
fractures and peak in children aged approximately 
8–12 years. The injury mechanism is often a traffic 

fractures traditionally have been characterized on 
the basis of the number of fragments, with two-, 
three-, and four-part triplane fractures described 
(38–41). Rapariz et al (39) developed a six-config-
uration system for classifying these fractures (Figs 
11, 12). Eismann et al (42) advocated the use of 
CT as an adjunct to radiography for triplane frac-
ture classification, displacement identification, and 
treatment planning.

Juvenile Tillaux fractures represent a transi-
tional subset of Salter-Harris type III fractures 
of the anterolateral tibial epiphysis that occur in 
adolescents after physeal fusion is nearly com-
plete and minimal residual anterolateral physeal 
patency remains (Fig 13). With external rotation 
of the foot, the strong anterior-inferior tibiofibu-
lar ligament avulses the distal tibial epiphysis. The 
fracture line then propagates horizontally along 
the patent physis until it meets the fused physis; 
at this point, it proceeds through the epiphysis 
into the joint. Owing to fracture obliquity, radi-
ography might not enable these fractures to be 
assessed completely and CT may be required.

Periosteal entrapment should be considered 
when a physeal gap or widening of 3 mm or greater 
is present at a distal tibial physeal fracture site. In a 
recent study (43), all Salter-Harris type II and tri-
plane fractures occurring at the anterolateral corner 
of the distal tibial physis manifested with periosteal 
entrapment, irrespective of the size of the gap.

Tibiotalar Dislocation.—Pure ankle disloca-
tion without fracture (Fig 14) is a rare injury in 
skeletally immature children due to the vulner-
ability of the physes, which fail before the more 
robust surrounding ligamentous structures do 
(44). Hindle et al (45) examined 71 patients 
with ankle dislocations, four of whom did not 
show evidence of concomitant ankle fracture. 
The injury mechanism is generally categorized as 
plantar flexion with inversion. These dislocations 
are predominantly posteromedial and associated 
with disruption of the lateral capsular ligamen-
tous complexes and the fibular physis in children 
(33). In addition, they may be open or closed. 
Associated neurovascular compromise may be 
present. Tibiofibular syndesmotic integrity is 
usually maintained (46). Fahey and Murphy (47) 
classified tibiotalar dislocations according to the 
direction of the dislocation.

Foot Fractures
The rarity of foot fractures among infants and 
toddlers can be explained by the proportionately 
larger number of cartilaginous components in 
their skeleton, which causes the pediatric foot 
to have high elastic resilience. The incidence of 
these fractures is increased in older children (4).
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accident or fall from a height, and the injuring force 
is a combination of axial compression and shear.

Calcaneal fractures observed on CT images 
have been divided into intra- and extra-articular 
fractures on the basis of the involvement of the 
posterior facet of the subtalar joint (Fig 15) (48). 
Compared with adults who have calcaneal frac-
tures, children with these injuries have a higher 
proportion of extra-articular fractures and a better 
prognosis. Associated spinal fractures are less com-
mon in children than in adults (5.4%), but other 
extremity fractures are more common in pediatric 
patients (49). CT is the best imaging method for 
confirming the diagnosis and ruling out intra-artic-
ular fractures. The delayed diagnosis of extra-artic-
ular calcaneal fractures (50) has been reported.

Toddlers with calcaneal stress fractures who 
are just learning to walk refuse to bear weight. 
However, 2 weeks later, calcaneal tuberosity scle-
rosis is visible radiographically, with subsequent 
spontaneous recovery (4).

Posteroanterior, lateral, and axial radiographic 
views are obtained routinely, with an oblique 
view recommended to visualize anterior process 
fractures (51). Joint depression can be assessed 
at comparisons with the contralateral foot. Spinal 
and extremity radiographs should be obtained if 
there is clinical suspicion for injury to these areas. 
CT is useful for assessment of comminuted frac-
tures and small fractures of the anterior process, 
and for surgical planning.

Figure 7. Dias-Tachdjian grade 2 supination-
inversion ankle fracture in a 15-year-old boy 
who sustained an ankle injury after falling from a 
height. Coronal CT image of the left ankle shows 
a distal fibular Salter-Harris type I fracture with 
displacement of the distal fibular epiphysis (*). 
A Salter-Harris type IV fracture of the medial dis-
tal tibia (arrow) with a medial Thurston-Holland 
fragment and some associated comminution 
also is seen.

Table 3: Dias-Tachdjian Classification of Physeal Ankle Fractures

Mechanism 
of Injury Injury Manifestation Outlook

SI Grade 1: SH type I or II fracture of distal fibula Good prognosis
Grade 2: grade I SI plus SH type III or IV fracture of medial 

malleolus; rarely involves SH type I or II fracture
<50% risk of growth arrest 

without surgery
<2% risk of growth arrest with 

surgery
SER Grade 1: SH type II fracture of distal tibia with posterior distal 

fragment; posteromedial TH fragment; long spiral fracture of 
the distal tibia, starting laterally at the distal tibia growth plate

Grade 2: grade 1 SER plus spiral fracture of distal fibular shaft

<35% risk of growth arrest at 
distal tibia

PER Grade 1: SH type II fracture of distal tibia, lateral or posterolater-
al metaphyseal fragment, lateral or posterolateral displacement

Grade 2: grade 1 PER plus short oblique fracture of fibula 4–7 
cm from tip of lateral malleolus

≥50% risk of growth arrest at 
distal tibia

SPF Commonly SH type II fracture of distal tibia, rarely SH type I 
fracture of distal tibia, posterior metaphyseal fragment (ie, TH 
fragment), posterior displacement, no fibular fracture; ankle 
joint diastasis may be present

Good prognosis

Source.—Reference 35.
Note.—PER = pronation–external rotation, SER = supination–external rotation, SH = Salter-Harris, SI = 
supination-inversion, SPF = supination–plantar flexion, TH = Thurston-Holland. For each mechanism of injury, 
the first word (eg, supination) refers to the position of the foot at the time of injury, and the second word or 
word phrase (eg, inversion, external rotation) refers to the direction of the force of injury.
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Several systems for classifying calcaneal frac-
tures exist (Fig 16). Schmidt and Weiner (49) 
modified the Essex-Lopresti (52) classification 
of calcaneal fractures for use in children and 
included compound fractures secondary to lawn 
mower injuries (4,33). Ogden (53) modified 
the Rowe et al (54) calcaneal fracture classifica-
tion system, and Sanders et al (55) classified 
calcaneal fractures on the basis of their CT 
appearances.

Talus.—Talar fractures are rare, accounting for 
approximately 0.01%–0.08% of all pediatric 
fractures, and can be easily overlooked in children. 
These fractures result from forced dorsiflexion 
with an axial load after high-energy trauma. The 
frequency and severity of these injuries are higher 
in older children (56). Among these rare injuries, 
fractures to the talar neck, as classified by Hawkins 
(Table 4) (57,58), are the most common. Vallier et 
al (58) divided Hawkins type II fractures into two 

Figures 8, 9. (8) Grade 2 Dias-Tachdjian supination–external 
rotation ankle fracture in a 13-year-old boy who slipped on ice. 
AP radiograph of the right ankle shows a long spiral tibial frac-
ture (black arrow) that begins laterally at the distal tibial physis. 
An associated spiral fracture of the fibular shaft (arrowhead) 
also is present. Physeal widening was noted at the anterior dis-
tal tibia on the accompanying lateral radiograph (not shown). 
(9) Dias-Tachdjian pronation–external rotation ankle fracture 
in a 13-year-old boy who was involved in an all-terrain vehicle 
accident. AP radiograph of the left ankle shows a distal tibial 
Salter-Harris type II fracture with a laterally based metaphyseal 
Thurston-Holland fragment. The associated fracture of the dis-
tal fibular shaft (arrow) does not involve the fibular physis. The 
distal tibial fracture was subsequently repaired with surgical 
pins.

Figure 10. Dias-Tachdjian supination–
plantar flexion ankle fractures. (a) Lateral 
radiograph of the ankle of a 14-year-old 
boy after a twisting injury to the right 
ankle shows a subtly widened anterior 
physis at the distal tibia with a posteri-
orly based Thurston-Holland fragment 
(arrow). There was no associated fibular 
fracture. (b) Volume-rendered CT image 
in a different patient with a similar injury 
pattern more clearly depicts a posterior 
fracture fragment.
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Figure 13. Juvenile Tillaux fracture caused by a wrestling injury in a 
15-year-old boy. (a) AP radiograph of the ankle shows a distal tibial frac-
ture (single-headed arrow) with lateral displacement and slight angula-
tion of the Tillaux fragment. Intra-articular displacement (double-headed 
arrow) of 3 mm is seen. (b) AP radiograph obtained after open reduction 
and internal fixation with cancellous screw placement across the distal 
tibia shows a reduced intra-articular gap (arrow).

Figure 12. Triplane fracture in a 
13-year-old girl who had left ankle pain 
and swelling and was unable to bear 
weight after a roller skating injury. Coro-
nal reformatted CT image shows a distal 
tibial fracture (single-headed arrow). The 
epiphysis is fractured, with a distraction of 
3 mm measured at the epiphysis (double-
headed arrow).

Figure 11. Drawings illustrate the triplane frac-
ture types described by Rapariz et al (39). These 
fracture types are based on the relative positions 
and associated disruption of the medial malleolar 
and anterolateral (Tillaux) fragments. They may 
have two, three, or four parts, as shown.
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subtypes (IIa and IIb) (Fig 17), which are used to 
predict the development of osteonecrosis. Associ-
ated subtalar subluxations are seen with Hawkins 
type IIa fractures, and subtalar dislocations are 
seen with Hawkins type IIb fractures. Talar neck 
fractures are much more common than talar body 
fractures, which, in turn, are more common than 
lateral and posterior process fractures. In children, 
snowboarding has been found to be associated 
with lateral talar process fractures, which are rare 
(59,60). Impaction injuries can give rise to radio-
graphically occult osteochondral fractures of the 
talar dome (61).

The precarious blood supply of the talus makes 
this bone vulnerable to osteonecrosis (61), the risk 
of which correlates strongly with the Hawkins-
Canale classification (61–63). Osteonecrosis 
appears radiographically as talar dome sclerosis, 
and it usually develops a few weeks to 6 months 
after the fracture manifests (33). The presence of 
the Hawkins sign (talar dome subchondral lucency 
due to resorption) on AP foot radiographs at 6–8 
weeks indicates an intact blood supply. Fracture 
immobilization can also cause hyperemia and 
disuse subchondral lucency. Ischemia can involve 
only part of the talar dome, usually the medial as-
pect, and result in a partial Hawkins sign, usually 
of the lateral talar dome.

Standard radiographic talar evaluation consists 
of acquiring AP, mortise, and lateral views of the 
ankle and AP, oblique, and lateral views of the foot. 
Although supplemental radiographic views have 
been described (62), the widespread availability of 
CT has diminished the applicability of these im-
ages. MRI can be used to monitor vascularity.

Midfoot Fractures
The midfoot consists of five tarsal bones and their 
articulations. Injuries of the midfoot include frac-
tures of individual bones and fracture dislocations 
involving the midtarsal (ie, talonavicular and calca-
neocuboid) or tarsometatarsal articulations.

Midtarsal or Transverse Tarsal Joint (Chopart) 
Injuries.—Midtarsal joint injuries occur at the 
junction between the hindfoot and the midfoot. 
Because the midtarsal talonavicular and calcaneo-
cuboid joints act in unison, they are often injured 
together (10). This type of injury is termed Chopart 
fracture-dislocation and usually occurs after a fall 
from a height, motor vehicle accident, or severe 
twisting sports injury, with fractures of the navicu-
lar, cuboid, and calcaneus bones and/or dislocation 
of the talonavicular joint. Although calcaneocuboid 
dislocation is generally less severe compared with 
talonavicular dislocation, it typically involves severe 
lateral joint space widening and comminuted calca-
neus and cuboid fractures (64).

About 80% of these injuries occur in a 
plantar-flexed inverted foot, resulting in medial 
and superior dislocation (65); lateral dislocation 
results if the foot is everted. At presentation, 
the patient usually has plantar ecchymosis. Skin 
“tenting” signifies soft-tissue injury.

Cuboid Fractures.—The cuboid bone maintains 
the length and flexibility of the lateral column 
of the foot. Cuboid fractures represent 5% of all 
tarsal fractures, and they may be radiographi-
cally subtle without a visible lucent line. Associ-
ated injury to the peroneus longus tendon may 
be present. A nondisplaced fracture with sclero-

Figure 14. Tibiotalar dislocation in a 14-year-old 
girl that occurred after a trampoline injury. (a) AP ra-
diograph of the distal lower extremity, including the 
ankle, shows medial dislocation at the tibiotalar joint 
with surrounding soft-tissue swelling. An associated 
complete fracture through the distal fibula (*), with 
medial displacement of the detached distal fibular 
epiphysis, also is present. There is no associated syn-
desmotic widening. (b) Accompanying lateral radio-
graph shows the dislocation at the tibiotalar joint to 
be posterior. (c) AP radiograph obtained after reduc-
tion and internal fixation shows restored ankle align-
ment and placement of a pin to repair the distal fibular 
physeal fracture. L = left.
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sis of the distal cuboid bone is considered to be 
a type of toddler fracture (66) (Fig 18). Injury 
mechanisms include load toward the heel, shear 
force across the midfoot, and/or twisting injury. 
In a relatively recent study (67) of the MRI 
appearances of pediatric cuboid fractures, the 
fractures were found to occur in isolation, linear, 

and most commonly adjacent to the tarsometa-
tarsal joint.

Navicular Fractures.—Navicular bone fractures 
are often missed. The most common navicular 
fractures are fractures of the navicular tuberos-
ity, dorsal cortical avulsion, and stress fracture. 

Figure 16. Drawings illustrate various calcaneal fracture patterns in children. The patterns seen with 
extra-articular (A) and intra-articular (B) fractures, and the associated significant soft-tissue injury, bone 
loss, and loss of Achilles tendon insertion (C), are depicted.

Figure 15. Calcaneal fractures. (a) Axial radiograph 
of the right calcaneus bone in a 16-year-old boy who 
jumped from a 10–15-ft–high window shows an 
obliquely oriented linear fracture extending through the 
calcaneus bone (arrows). (b) Sagittal reformatted CT im-
age of the right foot of an 11-year-old boy who fell from 
a roof shows a posterior extra-articular nondisplaced cal-
caneal fracture (arrow).
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Fractures of the body tend to occur in the sagit-
tal and horizontal planes after major trauma 
such as a motor vehicle collision. There may be 
extremely subtle sclerosis or no visible abnor-
mality at radiography, and, thus, MRI may be 
required (Fig 19). Cuneiform fractures are rare 
in children and thus not described in this review.

Tarsometatarsal Joint (Lisfranc) Injuries.—The 
Lisfranc ligament, the major stabilizer of the joint 
that extends from the medial cuneiform bone to 
the second MT base, is composed of three bands 
(dorsal, interosseous, and plantar) that run from 
the medial cuneiform bone to the base of the 
second MT bone. The plantar portion of the liga-
ment is the strongest (68). Lisfranc joint injuries, 
which are rare in children, are frequently misdi-
agnosed or undiagnosed. Findings at presentation 
include pain, swelling, inability to bear weight, 
and possibly medial plantar ecchymosis. Injury 
mechanisms include both low-impact injuries 

and high-impact trauma such as a motor vehicle 
crash or fall from a significant height.

The Lisfranc joint may be widened at stand-
ing or stress radiography, or the radiograph 
findings may be negative owing to incomplete 
ossification. On AP radiographs obtained in 
adults, measurements of the distance between 
the first and second MT bases and the distance 
between the medial cuneiform bone and second 
MT base are considered to be abnormal if they 
are greater than 2 mm. Knijnenberg et al (69) 
found that the distances between the first and 
second MT bases measured on AP radiographs 
obtained in skeletally healthy pediatric patients 
were consistently shorter than 3 mm. Distances 
between the medial cuneiform bone and the 
second MT base were longer in young children, 
but each measurement approached adult values 
by age 6 years (69).

Fractures of the cuboid bone or base of the 
second MT bone are suspicious for accompany-

Table 4: Hawkins-Canale Classification of Talar Neck Fractures

Fracture Type Description

I Nondisplaced vertical fracture of talar neck
Talar blood supply remains intact with low risk of avascular necrosis

II Vertical fracture of talar neck plus subtalar disruption*
 Type IIa: subtalar subluxation with low risk of avascular necrosis
 Type IIb: subtalar dislocation with moderate risk of avascular necrosis

III Vertical talar neck fracture plus subtalar and tibiotalar dislocation with moderate-high risk of 
avascular necrosis

IV Vertical talar neck fracture plus subtalar, tibiotalar, and talonavicular dislocation with high risk 
of avascular necrosis

Sources.—References 57, 58, and 62.
*The two subcategories of type II fractures (type IIa and type IIb) were defined by Vallier et al (58).

Figure 17. Hawkins type II dis-
placed talar neck fracture in a 
15-year-old girl with left ankle 
deformity, ecchymosis, and swell-
ing after she fell from an aerial 
cheerleading spin and landed on 
her left leg. (a) AP radiograph of 
the ankle shows a medially dis-
placed talar neck fracture (arrow).  
(b) Accompanying lateral radio-
graph also depicts the talar neck 
fracture. The distal talar fragment 
(arrow) is slightly superiorly dis-
placed, while the tibiotalar and 
talonavicular articulations are 
congruent.
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ing tarsometatarsal joint injury. When these frac-
tures are present, a fleck of bone between the first 
and second MT bases (ie, “fleck” sign) is pathog-
nomonic for avulsion fracture of the Lisfranc liga-
ment. Comparison radiographs of the contralat-
eral side may be obtained to detect subtle injuries 
(Fig 20). CT may aid in preoperative planning 
(70), but it cannot be used to determine instabil-
ity. MRI can be performed to assess the integrity 
of the Lisfranc ligament.

Myerson (71) classified Lisfranc injuries into 
three groups, types A–C. Type A injuries are char-
acterized by total incongruity of the tarsometa-
tarsal joint, with either medial or lateral displace-

Figure 19. Navicular fracture in a 14-year-old girl who had 
dorsal midfoot pain after a twisting injury during soccer. Foot 
radiograph findings were unremarkable. (a) Coronal fluid-sen-
sitive MR image of the foot shows diffusely high signal intensity 
(arrow) throughout the navicular bone. (b) Sagittal proton-
density–weighted MR image shows a nondisplaced linear frac-
ture (arrow) of the navicular bone.

Figure 18. Cuboid bone fracture in a 3-year-
old child who had foot pain after jumping off 
a play gym. Initial foot radiograph findings 
(not shown) were unremarkable. Follow-up 
AP radiograph of the foot obtained a few 
weeks after the initial injury shows nonspe-
cific sclerosis (arrow) at the distal aspect of 
the cuboid bone, compatible with a healing 
toddler fracture.

ment. Type B injuries involve partial incongruity 
that affects the first ray in isolation (partial me-
dial incongruity, type B1) or one or more of the 
lateral four MT bones (partial lateral incongruity, 
type B2). Type C injuries involve partial (type 
C1) or total (type C2) divergent displacement. 
In the Hill et al (72) study, 52% of skeletally im-
mature patients had Myerson type B1 injuries, in 
contrast to 56% of patients with closed physes, 
who had Myerson type B2 injuries.

Forefoot Fractures
Forefoot fractures account for 6%–10% of frac-
tures in children and involve the toes and MT 
bones. Investigators in a relatively recent study 
(73) found the overall rate of complications as-
sociated with pediatric forefoot fractures to be 
6.4% and female sex to be an important predic-
tor of complicated outcomes.
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with evidence of intramedullary sclerosis, and type 
III fractures are characterized by complete oblit-
eration of the medullary cavity by sclerotic bone.

Toe Fractures.—Phalangeal fractures account 
for up to 18% of all foot fractures and are most 

Figure 20. Lisfranc injury in a 17-year-old high school 
football player, which occurred after another player fell 
on the back of his heel, causing hyperflexion of his mid-
foot. The patient presented with ecchymosis of the arch 
and tenderness at the first and second tarsometatarsal 
joints. Findings on standard non–weight-bearing ra-
diographs of the foot (not shown) were unremarkable.  
(a) AP weight-bearing radiograph of the foot shows a 
very subtle step-off (arrow) between the intermediate 
cuneiform bone and second MT bone, which was not 
visible on the non–weight-bearing views. (b) AP post-
operative radiograph shows first and second tarsometa-
tarsal arthrodesis and an oblique screw transfixing the 
Lisfranc joint from the medial cuneiform bone to the 
base of the second MT bone.

Figure 21. Nondisplaced fracture of the proxi-
mal aspect of the right (R) fifth MT bone in an 
11-year-old girl who injured her ankle while play-
ing basketball. Oblique radiograph of the right 
foot shows a subtle transversely oriented fracture 
lucency (black arrows) at the base of the right 
fifth MT bone, signifying a nondisplaced frac-
ture. A sagittally oriented apophysis (white ar-
row) at the base of the fifth MT bone also is seen.

MT Fractures.—MT fractures are common. Owen 
et al (74) reported that fifth MT bone fractures 
were the most common pediatric MT fractures (Fig 
21), accounting for approximately 45% of all MT 
fractures. Up to 22% of all MT fractures involve 
the base of the MT bone, and 90% of these injuries 
occur in children older than 10 years (33). First 
MT bone fractures were found to be the most com-
mon MT fractures among children aged 5 years or 
younger, and fifth MT bone fractures were found 
to be the most common MT fractures among 
children older than 5 years (75). In the same study 
(75), fractures of the second, third, and fourth MT 
bones were frequently found to be associated with 
fractures of another MT bone (Fig 22), whereas 
the majority of the first and fifth MT bone fractures 
were isolated. If multiple MT bones were fractured, 
they always involved contiguous bones (75).

Three standard (AP, oblique, and lateral) 
radiographic views are usually adequate for the 
detection of fifth MT fractures. The acquisition of 
an additional lateral view may be considered since 
approximately 23% of avulsion fractures can be 
missed on conventional radiographic views (76). 
Lawrence and Botte (77) described three ana-
tomic subgroups, or zones, of proximal fifth MT 
fractures: zone 1 (tuberosity avulsion fractures), 
zone 2 (metaphyseal-diaphyseal junction and 
Jones fractures), and zone 3 (proximal diaphyseal 
stress fractures). Torg et al (78) further classified 
proximal MT fractures distal to the tuberosity on 
the basis of their radiographic appearance, and by 
extension, their healing potential. In their classifi-
cation system, type I fractures are characterized by 
a narrow fracture line and no intramedullary scle-
rosis, type II fractures have a wider fracture line 
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commonly Salter-Harris type I or type II injuries. 
Other toe fracture types include shaft and tuft 
fractures. Injury mechanisms include stubbing 
or kicking injuries, dropped objects falling on the 
toe(s), and falls from a height.

Complications
Early-manifesting complications of foot and 
ankle fractures include infection, neurovascular 
injuries, compartment and extensor retinaculum 
syndromes, complications of cast placement, and 
reflex sympathetic dystrophy and/or complex 
regional pain syndrome (9). Complications that 
become apparent weeks to months after the initial 
injury include premature physeal arrest, previously 
missed injuries, malunion, nonunion, avascular 
necrosis, osteoarthritis, and arthrofibrosis (33). 
The incidence of posttraumatic complications has 
increased with increasing body mass indexes in 
children (79). Certain fracture types have been 
identified as being associated with an overall 
higher risk of complications (Table 5). Complex 
lesions have extensive soft-tissue damage and are 
more susceptible to neurovascular injuries, infec-
tion, and/or compartment syndrome.

Premature physeal arrest at the distal tibia is 
one of the most feared complications; rates of 
up to 66.7% have been reported in the literature 
(80–82). Premature physeal arrest at the distal 
tibia can result in growth arrest, deformity, and 
subsequent leg length discrepancy. This complica-
tion has been found to correlate positively with 
high-energy mechanisms of trauma (83), signifi-
cant initial displacement, and multiple attempts 
at closed reduction (24). In patients who have 

more than 3 years of growth remaining, premature 
physeal arrest at the distal tibia should be serially 
monitored with biannual or annual radiography.

Isolated physeal arrest of the fibula is rare but 
can lead to ankle valgus and an external foot 
progression angle (1). On radiographs, a bony bar 
at the physis (Fig 23) or asymmetric Park-Harris 
growth arrest lines may be seen. Treatment for this 
complication is determined on the basis of the size 
of the physeal bar and the residual growth poten-
tial. The bar can be resected if more than 2 years 
of growth remain and less than 50% of the physeal 
width is involved. If less than 2 years of growth 
remain and more than 50% of the physeal width is 
involved, epiphysiodesis with or without contralat-
eral epiphysiodesis should be considered (24).

Figure 22. MT fractures. (a) AP radiograph of 
the right foot in a 1-year-old girl who fell while 
being carried down the stairs shows a fracture 
(arrow) at the base of the first MT bone. (b) AP 
radiograph of the right foot in an 8-year-old girl 
shows contiguous MT fractures: a nondisplaced 
second MT bone fracture (arrow) and displaced 
slightly comminuted third and fourth MT bone 
fractures (arrowheads).

Table 5: Pediatric Ankle and Foot Fractures with 
Highest Risk for Complications

Phalanx
 Intra-articular hallux fractures 
 Distal phalanx physeal fractures extending through 

nail matrix (Pinckney fractures)
 Severely displaced fractures
Foot
 Fractures of proximal shaft of fifth MT bone (Jones 

fractures)
 Lisfranc fractures
 Talar fractures
 Calcaneal fractures
Ankle
 Fractures involving high-energy mechanism of injury
 Fractures involving >2-mm articular displacement
 Fractures involving >3-mm physeal widening
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Posttraumatic avascular necrosis can compli-
cate certain fracture types, fifth MT proximal 
shaft fractures (ie, Jones fractures) and talar neck 
fractures in particular. This is a more common 
complication of talar fractures when it is associ-
ated with displacement or a high-energy injury 
mechanism (56). The abundant blood supply to 
the tibial plafond makes posttraumatic avascular 
necrosis of the plafond very rare.

Open fractures have an overall higher propen-
sity for the development of infection (Fig 24). 
For example, necrotizing fasciitis can be seen 
with calcaneal fractures that are related to lawn 
mower injuries (48). In addition, distal phalan-
geal fractures that extend through the nail matrix 
(ie, Pinckney fractures) are considered to be open 
fractures with a high risk of osteomyelitis if they 
are not treated adequately.

Malunion, which is more frequently seen in 
older adolescents, can lead to angular and rota-
tional deformities. Angulations of less than 20% 
adequately remodel in children younger than 
10 years. Osteoarthritis can occur secondary to 
persistent joint incongruity. This phenomenon 
most commonly occurs when anatomic reduction 
has not been achieved, an interfragmentary gap is 
larger than 3 mm, or an articular cartilage injury 
has occurred. Intra-articular injuries increase the 
risk of subsequent arthritis sevenfold (84).

Compartment syndrome is a rare complica-
tion of high-energy and complex injuries. Exten-
sor retinaculum syndrome usually involves the 
anterior metaphyseal spike of a triplane fracture 
compressing the extensor hallucis and peroneus 
tertius muscle bellies and the deep peroneal nerve 
against the rigid superior extensor retinaculum. 
This phenomenon results in muscle weakness and 
diminished sensation in the first web space (85).

Treatment
The treatment of ankle fractures can be surgi-
cal or nonsurgical and is focused on restoring 
articular congruency and functional alignment 
and the additional, pediatric-specific goal of 
protecting the physis (86). The patient’s skel-
etal maturity must be considered in treatment 
decisions.

As a general rule, minimally or nondisplaced 
fractures may be managed conservatively. A 
conservative approach involves appropriate im-
mobilization and protected weight bearing, with 
serial follow-up radiographs obtained to exclude 
late displacement in the cast. Closed reduction 
should be attempted for displaced fractures. 
Since repeated attempts at closed reduction 
can result in physeal damage, they should be 

Figure 23. Premature physeal fusion at the 
distal tibia as a complication of remote Salter-
Harris type IV fracture of the distal tibia in a 
13-year-old boy. (a) AP radiograph of the left 
ankle shows asymmetric closure (arrows) of 
the left distal tibial physis. (b) Findings on the 
sagittal CT image of the left ankle confirm par-
tial physeal fusion at the distal tibia (arrows). 
AP upright radiograph of the pelvis and lower 
extremities obtained for leg length assessment 
(not shown) showed leg length discrepancy, 
with the left lower extremity slightly shorter 
than the right one.

Figure 24. Open calcaneal fracture, for which place-
ment of antibiotic calcaneal beads was required, in a 
19-year-old patient. Sagittal reformatted CT image of 
the hindfoot shows the placement of antibiotic beads 
through a comminuted calcaneal fracture (arrows).
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performed with caution. Postreduction radio-
graphs are useful for assessing the adequacy of 
alignment and physeal reduction. If the post-
reduction alignment remains unacceptable, a 
prompt assessment for residual growth should 
be performed and treatment strategies should 
be determined accordingly. Persistent physeal 
widening to greater than 3 mm seen on coronal 
and sagittal reformatted CT images signifies 
periosteal entrapment and requires a surgical 
treatment approach (24).

There is greater acceptance of postfracture 
angulation deformity in younger children (33). 
Arthrodesis, which is sometimes used to ad-
dress Lisfranc fractures in older adolescents 
and adults, is contraindicated in children with 
open physes (68). The fracture types that are 
amenable to conservative versus surgical treat-

ment are broadly summarized in Tables 6 and 
7. There may be overlap in the fracture types, 
and treatments should be individualized to 
specific patients.

Fracture Mimics
Anatomic variants and developmental phe-
nomena can mimic or obscure the diagnosis of 
osseous and ligamentous trauma in skeletally 
immature patients (Fig 25). Accessory centers of 
ossification adjacent to the ankle and foot bones 
can mimic avulsion fractures on radiographs. 
Developing apophyses—for example, those de-
veloping at the fifth MT base—can be mistaken 
for avulsion fractures. The apophysis at the fifth 
MT base appears in children between the ages 
of 9 and 12 years and is sagittal in orientation, 
in contrast to fractures, which typically are 

Table 6: Fractures Amenable to Conservative Treatment

Fracture Group Fractures

Ankle All nondisplaced fractures
Isolated fibular fractures

Foot Calcaneus: extra-articular fractures
Talar neck: Hawkins group I and many Hawkins group II fractures
Cuneiform bones: isolated nondisplaced fractures
MT bones: most fractures
Lisfranc injuries: if minimally (<2 mm) displaced 
Fifth MT bones: tuberosity avulsion fracture of MT base (zone 1 injury)
Second to fourth MT fractures

Table 7: Indications for Surgical Management of Fractures

Fracture 
Group Indications

Ankle <3 y of growth remaining and persistent malalignment after closed reduction
>3 y of growth remaining and persistent physeal widening >3 mm 
Intra-articular fractures with >2-mm displacement at weight-bearing surface after reduction
SH III and SH IV fractures of medial malleolus with >1-mm displacement
>2-mm displacement in patients with Tillaux fracture after closed reduction
Triplane fractures
Fibular fractures accompanying displaced tibial fractures

Foot Displaced intra-articular calcaneal fractures
Complex or lawn mower–related calcaneus fracture*
Hawkins III and IV fractures of talar neck
Majority of Hawkins II fractures of talar neck
Unstable talar neck fractures
Chopart fracture dislocations
>2-mm displaced Lisfranc injury or comminution at MT base
Zone 2 and zone 3 fifth MT fractures, displacement exceeding 3–4 mm, >10° axis deviation
Intra-articular MT fractures or MT fractures with >20° axis deviation 
Nail bed avulsion with distal phalangeal fractures

Note.—SH = Salter-Harris.
*If infected, these fractures may require placement of antibiotic beads.
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Figure 25. Fracture mimics. (a) AP radiograph of the foot 
shows a well-corticated accessory navicular bone (arrow), 
which may be symptomatic and mistaken for a fracture. 
(b) Lateral hindfoot radiograph shows the multipartite, 
fragmented, sclerotic appearance of a developing calcaneal 
apophysis. This is a normal developmental variant; there is 
no associated soft-tissue swelling.

transverse. Calcaneal apophyseal avulsion injury 
can be misdiagnosed as a muscle strain or Sever 
disease (osteochondrosis secondary to inflam-
mation or overload).

Cartilaginous precursors of the immature 
skeleton can cause normal developmental phe-
nomena to be mistaken for injury and injuries to 
go unrecognized if they involve the cartilage only. 
For example, lack of a tibiofibular overlap on the 
mortise view can be a normal variant in skeletally 
immature patients and should not be mistaken for 
syndesmotic disruption. In addition, the distance 
between the medial cuneiform bone and base of 
the second MT bone has been found to be larger 
in individuals younger than 6 years (70). Variable 
ossification of the navicular bone may be mistaken 
for Köhler disease (33).

Conclusion
Radiologists must recognize the developmental 
phenomena, anatomic variants, and fracture 
patterns and associated complications that affect 
the skeletally immature foot and ankle. Under-
standing the role of supplemental radiographic 
projections and cross-sectional imaging, where 
applicable, can be additionally valuable, ensuring 
appropriate treatment, imaging follow-up, and 
patient and parent counseling.
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QUESTIONNAIRE 
A11(22) Part 1 

Acute Fractures and Dislocations of the Ankle and Foot in Children 
INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Question 1: Is it TRUE that pediatric ankle and foot fractures 
occur more often than hand and wrist injuries? 

A: YES 
B: NO  

 
Overview of Ankle and Foot Anatomy 

Question 2: Which of the following are TRUE regarding the 
anatomy of the ankle and foot? 

A: The midfoot transfers force between the foot and 
the rest of the axial skeleton 

B: The ankle is a synovial hinge joint compromised of 
the tibia and fibula  

C: The midfoot locks the hindfoot to the forefoot to 
enable flexibility and stiffness  

D: The talonavicular and calcaneocuboid articulations  
act in unison and are often injured together  

E: The midfoot includes the metatarsal (MT) and 
phalangeal bones and their articulations 

 
Developmental Considerations 

Question 3: When does metatarsal (MT) ossification occur? 

A: In the second to fourth fetal month  
B: In the third fetal month 
C: In the sixth fetal month 
D: In the first postnatal year 

 
Question 4: Which of the following are CORRECT? 

A: The leg grows approximately 3–4 mm per year 
during childhood  

B: The distal tibial physis accounts for 40% of the 
growth of the tibia  

C: In adolescents, growth at the distal tibia and fibula 
is proportionate to that at the knee 

D: With increasing maturity, the distal fibular physis 
becomes increasingly undulated, providing stability  

 
Question 5: What is the mean age at which the incisura 
fibularis appeared in the study by Bozic et al.? 

A: Around the age of five years in both girls and boys 
B: At the age of eight years in girls and eleven years in 

boys  
C: At the age of ten years in girls and sixteen years in 

boys 
D: At the age of eleven years in girls and ten years in 

boys 
 
 
 
 
 

Developmental Anatomy of the Pediatric Ankle at 
Radiography 

Question 6: Which of following are TRUE regarding the 
developmental anatomy of the pediatric ankle at 
radiography? 

A: The adult criteria for loss of tibiofibular overlap in 
the mortise view and increased tibiofibular clear 
space to greater than or equal to 6 mm signifies 
syndesmotic disruption in the skeletally immature 
patient 

B: In young children with syndesmotic injuries, a 
cutoff value for widened medial clear space of 
greater than 5 mm on the mortise view was found 
to be the strongest predictor of the need for 
surgical fixation  

C: Syndesmotic disruptions are ligamentous, but they 
may be accompanied by tibial or fibular fractures  

D: Disruption of the tibiofibular joint seen on static 
radiographs does not signify syndesmotic injury 

E: The frequency of surgical intervention for pediatric 
syndesmotic injuries was increased eightfold in 
those with a medial clear space more than 5-mm 
wide  

 
Question 7: Is it TRUE that children who are at risk for 
syndesmotic disruptions are those who participate in sports 
that involve cutting or pivoting moments or a rigidly 
immobilized ankle? 

A: YES  
B: NO 

 
Imaging of Pediatric Ankle and Foot Fractures 

Question 8: According to the Ottawa ankle and foot rules 
(OAFR), foot radiography should be performed if there is 
pain in the midfoot plus an additional indication. Which of 
the following are listed as additional criteria for foot 
radiography? 

A: Bone tenderness of navicular bone  
B: Bone tenderness at base of fifth metatarsal bone  
C: Bone tenderness at posterior edge or tip of distal 

tibia 
D: Bone tenderness at posterior edge or tip of distal 

fibula 
 
 
 
 
 
 
 



Question 9: Which of the following should be considered 
when imaging pediatric ankle and foot fractures? 

A: The appropriateness criteria outlined by the 
American College of Radiology support the use of 
three radiographic views of the ankle 
(anteroposterior (AP), lateral, and oblique) for 
assessment of ankle injuries 

B: Weight-bearing radiography on at least the AP view 
is recommended if there is suspicion for midfoot 
and/or Lisfranc injury  

C: It is common for a persistent large ankle joint 
effusion to be related to a radiographically occult 
fracture 

D: Proper application of the OAFR has high sensitivity 
and reduces the need to perform radiography by 
approximately 35% 

E: The OAFR have also been found to be effective in 
children between the ages of three to five years 

 
Ankle Fractures 

Question 10: Which of the following are CORRECT regarding 
a Salter-Harris type II fracture? 

A: Although the distal fibula is a common location for 
this type of fracture it can be clinically and 
radiographically indistinguishable from sprain 

B: This type of fracture involves at least part of the 
physis width and a contiguous portion of the 
metaphysis  

C: Its radiologic manifestation is a compression 
fracture of the physis 

D: Growth arrest is uncommon with this type of 
fracture  

E: Its radiologic manifestation is physeal widening and 
epiphyseal fracture 

 
Question 11: Which Dias-Tachdjian ankle fracture manifests 
as a nondisplaced Salter-Harris type I or II fracture of the 
distal fibula that may progress to a Salter-Harris type III or IV 
injury of the medial malleolus, and involves less than one-
third of the mediolateral distance across the epiphysis? 

A: The supination-inversion mechanism  
B: The supination-external rotation mechanism 
C: The pronation-external rotation mechanism 
D: The supination-plantar flexion mechanism 

 
Question 12: Which of the following are CORRECT regarding 
triplane fractures? 

A: These fractures represent a subset of Salter-Harris 
type II fractures 

B: These fractures occur in adolescents during the 
portion of the developmental window when 
asymmetric partial closure of the distal tibial physis 
has occurred  

C: These fractures represent 5%-10% of pediatric 
intra-articular ankle injuries  

D: The deforming mechanism is often supination-
plantar flexion 

 
 

Question 13: Juvenile Tillaux fractures represent a 
transitional subset of which type of Salter-Harris fracture? 

A: Type I 
B: Type II 
C: Type III  
D: Type IV 
E: Type V 

 
Foot Fractures 

Question 14: The rarity of foot fractures among infants and 
toddlers can be explained by the proportionately larger 
number of cartilaginous components in their skeleton. Is this 
TRUE? 

A: YES  
B: NO 

 
Question 15: Which of the following are CORRECT regarding 
calcaneal fractures? 

A: These fractures often occur due to a severe twisting 
sports injury 

B: Children with these fractures have a higher 
proportion of extra-articular fractures and a better 
prognosis  

C: MRI is the best imaging method to confirm the 
diagnosis 

D: Toddlers with this type of fracture who are just 
learning to walk refuse to bear weight  

 
 
 

END 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



QUESTIONNAIRE 
A11(22) Part 2 

Acute Fractures and Dislocations of the Ankle and Foot in Children 
INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Foot Fractures (continued) 

Question 1: Which of the following activities have been 
found to be associated with lateral talar process fractures? 

A: Trampoline jumping 
B: Snowboarding  
C: Fall from a height 
D: Ballet 

 
Question 2: Is it TRUE or FALSE that talar body fractures are 
much more common than talar neck fractures? 

A: TRUE 
B: FALSE  

 
Question 3: Where do midtarsal joint injuries occur? 

A: At the junction between the forefoot and the 
midfoot 

B: At the junction between the hindfoot and the 
midfoot  

C: At the junction between the hindfoot and the ankle 
 
Question 4: Which of the following statements are CORRECT 
regarding Chopart fracture-dislocations?  

A: This injury may occur after a fall from a height  
B: Around 80% of these injuries occur in a plantar-

flexed inverted foot  
C: With this type of injury, lateral dislocation results if 

the foot is inverted 
D: None of the of the above 

 
Question 5: Which of the following are not associated with 
cuboid fractures? 

A: Tarsal fractures 
B: A radiographically subtle fracture without a visible 

lucent line 
C: Associated injury to the peroneus longus tendon 
D: Occurring in isolation, linear, and most commonly 

adjacent to the tarsometatarsal joint 
E: Incorrect, all the above are associated with cuboid 

fractures  
 
Question 6: Which of the following are injury mechanisms of 
cuboid fractures? 

A: Load toward the heel  
B: Shear force across the midfoot  
C: Axial compression 
D: Twisting injury  

 
 
 

Question 7: Is it TRUE or FALSE that the interosseous portion 
of the Lisfranc ligament is the strongest? 

A: TRUE 
B: FALSE  

 
Question 8: Which of the following include findings at 
presentation of Lisfranc joint injuries? 

A: Inability to bear weight  
B: Medial plantar ecchymosis  
C: Pain and swelling  
D: Skin “tenting” 

 
Question 9: Which type of Lisfranc injury involves partial 
incongruity that affects the first ray in isolation or one or 
more of the lateral four MT bones according to Meyerson? 

A: Type A 
B: Type B  
C: Type C 

 
Question 10: Which of the following statements are 
CORRECT regarding MT fractures? 

A: Fifth MT bone fractures accounted for around 45% 
of all MT fractures  

B: The minority of MT fractures involving the base of 
the MT occurred in children older than ten years 

C: Fifth MT bone fractures were found to be the most 
common MT fractures among children younger 
than 5 years 

D: The majority of first and fifth MT bone fractures 
were associated with fractures of another MT bone 

E: AP, oblique and lateral radiographic views are 
adequate for the detection of fifth MT fractures  

 
Question 11: Is it TRUE that phalangeal fractures are most 
commonly Salter-Harris type I or II injuries? 

A: YES  
B: NO 

 
Complications 

Question 12: Complications of foot and ankle fractures that 
become apparent weeks to months after the injury include 
which of the following?  

A: Infection 
B: Premature physeal arrest  
C: Malunion and nonunion  
D: Neurovascular injuries 

 
 

 



Question 13: Which of the following are fracture types 
identified as being associated with an overall higher risk of 
complications? 

A: Chopart fracture-dislocation 
B: Intra-articular hallux fractures  
C: Lisfranc fractures  
D: Phalangeal fractures 

 
Question 14: Which of the following are listed as indications 
for the surgical management of foot fractures?  

A: Displaced intra-articular calcaneal fractures  
B: Hawkins III and IV fractures of talar neck  
C: Second to fourth MT fractures 
D: Chopart fracture dislocations  
E: Triplane fratures 

Question 15: Calcaneal apophyseal avulsion injury can be 
misdiagnosed as which of the following? 

A: Avulsion fractures 
B: Muscle strain  
C: Sever disease  
D: Syndesmotic disruption 

 
 
 

END 
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